mildew. That would not be possible without an abundance of corresponding virulences in the pathogen population. The objective of this study was to determine the virulence frequency to resistance genes possessed by the currently registered cultivars of winter barley.
MATERIAL AND METHOD
Populations studied. Three Bgh populations (2000, 2002 and 2004) were used for the assessment of the virulence frequencies to powdery mildew resistance genes in winter barley cultivars.
Sampling of isolates. Random samples of Bgh conidia originating from cultivated winter and spring barley fields were obtained from the air by means of a mobile version of a jet spore sampler (S������-���� 1979) (K������ et al. 1986, ) or line B-3213 in 2002 and 2004 (D�������� & S��������� 1996) that were placed in Petri dishes with 0.7% water agar and 35 ppm benzimidazole and inserted in the bottom part of the spore sampler. After approximately 100 km, the dish was exchanged for one with fresh detached leaves of the susceptible cultivar, taking into account agroecological conditions in the region. During the sampling, dishes with fresh or exposed leaves were kept in a car refrigerator at 10-15°C. After sampling, the exposed leaves were transferred into dishes with fresh agar. To increase the conidia, dishes with leaves were kept under laboratory conditions for 10-11 d (20 ± 3°C under 8 h artificial light at 25 ± 5 µmol/m per s).
Differential sets. Before using cultivars for a given purpose, seeds of the differential and susceptible cultivars were increased from progenies of single plants. The set of differentials in 2000 was comprised of seven cultivars, and in 2002 and 2004 of eight cultivars, carrying different genes for resistance to powdery mildew (Table 1) . In 2000 and 2002, six near-isogenic lines of the cultivar Pallas (K������ et al. 1986 ) were included. In 7 J����� & J�������� (1981) 2000, the cultivar Borwina (D�������� & J�������� 2000) and in 2002 the cultivars Pallas (K������ et al. 1986) Inoculation. Inoculation was performed in a metal micro-settling tower 200 mm high, with a circular basis of 90 mm diameter, and with a hole of 10 mm diameter in the central part of the upper cap. Each of the colonies that developed during incubation of the collected conidia usually contained 15 to 25 thousand conidia of the new "generation". They were used to inoculate a set of leaf segments of differentials (Table 1 ) placed in a dish with agar. The conidia of one colony were sucked into a replaceable tip of a varipipette AW 1000 set to a 0.4 ml volume, and then blown into the micro-settling tower using a syringe (10 ml) with a small tube. Inoculum density was ca. 3 conidia per mm 2 . After inoculation with the conidia of one colony, the dish with a set of leaf segments of the differentials was removed, and the microsettling tower, surface of a laboratory desk and the small tube were sterilized with 98% ethyl alcohol, and a new dish was inserted for inoculation with conidia of another colony. Inoculated dishes were kept under laboratory conditions. Evaluation. Reaction types (RTs) produced by the response of each differential to a corresponding Bgh isolate were scored 8 d after inoculation according to the nine-point 0-4 scale including intertypes (T��� et al. 1978) . Isolates that produced RT 4 or 3-4 on a differential were considered virulent on the corresponding resistance gene(s). In cases where virulence was manifested towards a differential with more than one resistance gene, the virulent isolate has more than one corresponding virulence genes. If an isolate was avirulent, it could be due to the presence of one or more of these avirulence genes. Some or all of the isolates that are avirulent on this differential possessing more resistance genes, may possess corresponding virulence gene(s) which cannot be expressed.
RESULTS

2000.
Three hundred and thirty-one Bgh isolates were examined. Very high virulence frequencies to all resistance genes possessed by the differential cultivars were found. The lowest virulence frequency (85.5%) was found to resistance genes Mla6 and Mla14 present in line P03, and the highest (100%) to resistance gene Mlra possessed by line P14.
2002. Three hundred and eighteen pathogen isolates were examined. Very high virulence frequencies were found, ranging from 84.9 to 100%. The lowest mentioned virulence frequency was determined again to resistance genes Mla6 and Mla14, and the highest to gene Mla8 carried by the newly included cultivar Pallas. Similar high virulence frequency (99.7%) was also found to gene Mlh that is present in the newly included cultivar Weihenstephan 37/136, and to which only one isolate was avirulent. In 2002, six differential cultivars were identical to those used in 2000. The determined virulence frequencies to corresponding resistance genes were similar. The largest difference was observed in virulence frequencies to genes Mla13 and MlaRu3, i.e. 5.8% higher than in 2000.
2004. Two hundred and sixty-two isolates were examined. The virulence frequencies showed a substantially wider range (from 14.1 to 100%) due to newly included differential cultivars. All isolates were characteristic for their virulence to resistance genes Mla8 (Pallas) and Ml(SG) (virulence frequencies on both 100%), the latter gene is possessed by breeding line SG C-669. Lower virulence frequencies were found to the resistance genes carried by cultivars Vanessa [Mla7, Ml(Va) 
DISCUSSION
To limit the speed with which a pathogen adapts to resistance genes incorporated in commercial cultivars of economically significant crops, it is necessary to use different resistances for spring and winter cultivars, in our case barley. The lack of suitable sources for resistance, however, has led breeders of winter barley, in particular of tworowed cultivars, to either a random or targeted use of the resistances possessed by spring barley cultivars.
The virulence frequency was assessed on 14 differential cultivars in 2000, 2002 and 2004 . These cultivars possessed 18 out of 20 currently identified resistance genes present in winter barley cultivars that were grown or tested in the Czech Republic (D�������� unpublished). Seven resistance genes (Mla6, Mla14, Mla7, Mlg, Ml(CP), Mlra and Mlh) were always carried by two of the differential cultivars. The gene Mla8 was present in five differential cultivars ( Table 1 ). The resistance genes possessed by differential cultivars Nos 1-5 are typical for spring barley cultivars (B���� & J�������� 1991; D�������� & J�������� 2000) . However, they are also present in some cultivars of winter barley registered in the Czech Republic. By contrast, the resistance genes present in differential cultivars No-s 6, 7, 9 and 10 are typical for winter barley cultivars. Each of the differential cultivars No-s 12-14 possesses more than one resistance gene, some of which are typical for spring and others for winter cultivars. The resistance genes possessed by differential cultivars Nos 8 and 11 occur in cultivars of both barley forms (D�������� unpublished).
The presence of virulence genes in the pathogen population is an essential condition for infection of cultivars possessing specific resistance gene(s) to the given disease. Under conditions favourable for the development of the pathogen, infection on most winter barley cultivars is high. Therefore, high frequencies of corresponding virulences (= virulence genes) could be expected in the pathogen population. The current results confirmed this assumption. A virulence frequency of 100% to the resistance genes Mla8 and Ml(SG), present in both spring and winter barley cultivars, was found. Considering that these genes occur rarely in barley cultivars, the two virulences seem (due to the assumed long-term direct selection on earlier barley cultivars) to be genetically fixed in the pathogen population. This is also confirmed by the fact that no isolate avirulent on resistance gene Mla8 has been found in the European population of this pathogen. The resistance gene, preliminarily designated Ml(SG), has obviously not been identified yet for the same reason. The virulence frequencies to resistance genes Mlra, Ml(Dr2) and Mlh, which are typical for winter barley cultivars, were near the limit (100%). In 2000, the assessed virulence frequency to gene Ml(Bw) was also near this limit. Four years later, however, the frequency of VBw was 7.7% lower. That can be connected with a decrease in the planted area of winter barley cultivars possessing the corresponding resistance gene Ml(Bw). Furthermore, high virulence frequencies were found to the genes typical for spring barley cultivars and present in differential cultivars Nos 1-5. This was undoubtedly caused by direct selection of the pathogen population mostly on spring barley cultivars possessing corresponding resistance genes (D�������� 2003b) .
The found virulence frequencies to resistance genes present in the mentioned 11 differential cultivars was 85-100%. This level is generally similar to other results achieved during a study of the European pathogen population (H�������� et al. 2000) . However, less attention has been given to determine the virulence frequencies to typical resistance genes in winter barley than to virulence frequencies to resistance genes present in spring barley cultivars. Markedly lower virulence frequencies (14.1-40.1%) were found to the resistance genes present in differential cultivars Nos 12-14 (Table 1) . A comparison of these frequencies with those of the preceding 11 differentials suggests that these significantly lower virulence frequencies are conditioned particularly by the three preliminary designated resistance genes. Two of them [Ml(Va) and Ml(Dt) ] are present in the differential cultivars Duet and Vanessa. Six resistance genes for powdery mildew have been identified in the cultivar Duet (D�������� unpublished). However, the first five resistance genes (Table 1) contributed very little to the relatively low virulence frequency (21.8%); it was caused mostly by the effect of gene Ml(Dt). The gene Ml(Ca) is carried by one (cv. Carola) of two current winter barley cultivars classified as "resistant". Unfortunately, the last three mentioned and relatively low (within the set of differential cultivars) virulence frequencies are still too high to allow the use of at least one of the three corresponding resistance genes in the breeding of new winter barley cultivars for resistance to powdery mildew. It can also be assumed that the effectiveness of these genes, if carried by widely grown cultivars, will decrease very fast due to direct selection of virulent pathotypes in the pathogen population.
The infection potential of the pathogen induced on susceptible cultivars of winter barley results in losses of grain yield and quality. In addition, it produces conditions for severe infection of susceptible spring barley cultivars (D�������� & J������ 2003) and speeds up the adaptation of the pathogen to resistances possessed by all grown barley cultivars (D�������� 2003b) . Besides the accelerated breakdown of genetic resistances, the high infection potential of the pathogen reduces the effectiveness of protection by fungicide in barley. Thus, growing susceptible cultivars of winter barley decreases the effectiveness of inputs for the protection of barley against powdery mildew infection, namely the costs for breeding resistant cultivars as well as the costs for protection of barley by fungicide. Therefore, to increase the level of resistance in new cultivars of winter barley is highly topical.
In the past, resistance to powdery mildew in winter barley was neglected for several reasons. The area planted with winter barley was approximately 1% of the total barley area during 1971-1977 (D�������� & J������ 2003) . Moreover, winter barley is infected by a broader disease spectrum so that breeders have to solve more problems. Though powdery mildew is the most common disease on both spring and winter barley, its incidence on winter barley is lower (D�������� 2003a) and is supposed to be less harmful because of a later disease outbreak. New and effective sources for resistance have been sought for breeding cultivars of spring barley and corresponding genes have been transferred into pre-breeding lines using conventional breeding methods. Such a service has not been provided yet for breeding winter barley cultivars.
The grain of winter barley is used mostly as feed for farm animals. The buying price of feedgrain produced under conventional farming systems is lower than the price of spring malting barley, therefore the economics of growing this crop is more stressed. On one hand, growers cannot afford lower grain yields caused by powdery mildew infection, while on the other they can hardly use costly fungicidal control of this disease. Thus, winter barley cultivars resistant to powdery mildew should be interesting not only for conventional agriculture, but particularly for diverse lowerinput farming systems.
